Our laboratory has developed a rapid, sensitive, and specific molecular approach for detection in clinical specimens, within 48 h of receipt, of both Mycobacterium tuberculosis complex (MTBC) DNA and mutations within the 81-bp core region of the rpoB gene that are associated with rifampin (RIF) resistance. This approach, which combines an initial real-time PCR with internal inhibition assessment and a pyrosequencing assay, was validated for direct use with clinical specimens. To assess the suitability of real-time PCR for use with respiratory, nonrespiratory, acid-fast bacillus (AFB)-positive and AFB-negative specimens, we evaluated specimens received in our laboratory between 11 October 2007 and 30 June 2009. With culture used as the "gold standard," the sensitivity, specificity, and positive and negative predictive values were determined for 1,316 specimens to be as follows: for respiratory specimens, 94.7%, 99.9%, 99.6%, and 98.6%, respectively; for nonrespiratory specimens, 88.5%, 100.0%, 100.0%, and 96.9%, respectively; for AFB-positive specimens, 99.6%, 100.0%, 100.0%, and 97.7%, respectively; and for AFB-negative specimens, 75.4%, 99.9%, 98.0%, and 98.4%, respectively. PCR inhibition was determined to be minimal in this assay, occurring in 0.2% of tests. The rpoB gene pyrosequencing assay was evaluated in a similar prospective study, in which 148 clinical specimens positive for MTBC DNA by real-time PCR were tested. The final results revealed that the results of direct testing of clinical specimens by the pyrosequencing assay were 98.6% concordant with the results of conventional testing for susceptibility to RIF in liquid culture and that our assay displayed adequate sensitivity for 96.6% of the clinical specimens tested. Used together, these assays provide reliable results that aid with the initial management of patients with suspected tuberculosis prior to the availability of the results for cultured material, and they also provide the ability to predict RIF resistance in Mycobacterium tuberculosis-positive specimens in as little as 48 h from the time of clinical specimen receipt.
One-third of the world's population is infected with Mycobacterium tuberculosis. In 2007 alone, 9.27 million new cases were identified and 1.6 million deaths occurred. Only 44% (4.1 million cases) of these were acid-fast bacillus (AFB) smear positive (24) . The resurgence of tuberculosis (TB) in developed as well as developing countries since 1980 has been associated with the HIV epidemic, the emergence of drug-resistant strains, and increases in emigration from regions with high rates of disease endemicity (6, 9, 11) . The rapid detection of M. tuberculosis is essential for disease management, because of the high risk of transmission from person to person. The CDC recommends that clinical specimens received be analyzed simultaneously by culture, AFB staining, and nucleic acid amplification (NAA) protocols (2) . Culture is the "gold standard" for final determination, but it is slow and may take up to 2 to 8 weeks. Staining for AFB is rapid but has a low sensitivity and a low specificity, since it does not distinguish nontuberculous mycobacteria (NTM) from members of the M. tuberculosis complex (MTBC). Thus, rapid identification, which is essential for effective control, relies on NAA.
A number of studies involving the detection of MTBC by PCR have been reported; these have targeted cfp10 (12) , the senX3-regX3 intergenic region (4), the16S rRNA gene (10) , and the internal transcribed spacer (ITS) (21) . However, the most commonly used target for the identification of MTBC is the multiple-copy-number insertion sequence IS6110 (also known as IS986) (4, 5, 8, 9, 14, 16, 20, 22) , which is thought to provide the highest sensitivity.
The assessment of rifampin (RIF) resistance in M. tuberculosis-infected patients is critically important to patient management and can affect both the treatment of individual patients and the spread of disease. The standard methods for drug susceptibility testing (DST) of M. tuberculosis can take weeks to months to provide results. Due to the emergence of multidrug-resistant tuberculosis (MDR-TB) and extensively drugresistant tuberculosis (XDR-TB), there is a critical need for new, rapid, and accurate DST methods. NAA assays for determination of mutations in an 81-bp region of the rpoB gene have been published, and an excellent correlation between the presence of these mutations and RIF resistance has been demonstrated. Mutations in this region are believed to correlate with RIF resistance in 96% of all RIF-resistant M. tuberculosis strains (18) . Several tests have been published that perform nucleic acid sequence analysis of mycobacterial isolates by methods that include single-nucleotide polymorphism analysis (3) and pyrosequencing (13, 17, 25) of isolates, but no meth-odology yet reported has utilized rpoB gene pyrosequencing analysis of the 81-bp core region directly with clinical specimens positive for MTBC by real-time PCR. Here we describe a two-step molecular approach that will detect MTBC DNA and yield rpoB gene mutation analysis results within 48 h from the time of receipt of the clinical specimen.
follows: 1 cycle at 95°C for 10 min, followed by 45 cycles at 95°C for 15 s and 60°C for 1 min. Thermal cycling, fluorescent data collection, and data analysis were performed with an ABI 7000 sequence detection system or an ABI 7500 real-time PCR instrument, according to the manufacturer's instructions, with the passive reference dye carboxy-X-rhodamine turned off. Threshold cycle (C T ) values less than 37 were reported as positive, and samples with values greater than 37 were retested; if the results were the same, the result was reported as positive, and if they were not, they were reported as inconclusive.
Internal inhibition control. The DNA isolated from each patient sample was also tested for the presence of PCR inhibitors. An internal control plasmid was constructed from a PCR product that contained fruit fly DNA and identical primer binding sites used for the MTBC IS6110 real-time PCR assay, thereby allowing coamplification to occur in the presence of M. tuberculosis complex DNA. This PCR product was cloned into a plasmid vector (pCR2.1-TOPO) with a TOPO TA cloning kit (Invitrogen Life Technologies, Carlsbad, CA), according to the manufacturer's instructions. For establishment of the optimal dilution, the plasmid was serially diluted to a level 2 log units higher than the level of detection. This control plasmid, along with 250 nM Inhib-probe (VIC-TCG-CTC-TGT-TTC-ATA-CCC-GGC-GA-TAMRA), was spiked into one of the duplicate PCR mixtures containing 5 l of the patient sample DNA, and the C T value obtained from this reaction was compared with that from a second reaction performed with a mixture containing only the control plasmid. The reaction was considered to be inhibited if the C T values differed by Ͼ3 or if a negative result was obtained for the reaction mixture containing the spiked control plasmid. Additionally, 1:5 dilutions of these specimens were prepared if inhibition was detected in the initial test. If the specimen was positive despite some inhibition, the result was reported as positive; if the specimen was negative, it was reported as indeterminate.
Real-time PCR assay sensitivity and specificity. The analytical sensitivity of the assay was determined through the use of a standard curve of 10-fold dilutions of DNA isolated from a strain of M. tuberculosis (containing one copy of IS6110) and is reported in units of CFU. Each dilution of template DNA was run in duplicate. The efficiency of the PCR was calculated from the r 2 value generated by the standard curve.
The specificity of the assay was determined by testing approximately 10 6 genome copies of DNA purified from MTBC organisms, specimens containing NTM, and other respiratory pathogens that can cause similar clinical symptoms. This testing included the following bacterial strains: Bordetella parapertussis, Bordetella pertussis, Chlamydophila pneumoniae, group A Streptococcus, Haemophilus influenzae type C, Legionella pneumophila, Mycobacterium abscessus
. tuberculosis (n ϭ 25, including strains with known number of copies of IS6110, ranging from partial to 21 copies), M. ulcerans, and M. xenopi (n ϭ 2). The strains were from either ATCC or the culture collection of the Wadsworth Center, NYSDOH. All bacterial strains from the Wadsworth Center used in the specificity panel underwent 16S rRNA, hsp65, and rpoB DNA sequence analysis for confirmation of their identities. rpoB gene analysis by pyrosequencing. Amplification and sequencing primers were designed with PSQ assay design software (Biotage, Inc., Charlottesville, VA). A 289-bp product of the rpoB gene was amplified by conventional PCR with the reverse primer biotin labeled for immobilization onto streptavidin-coated Sepharose beads. Two separate sequencing primers were used to assess the full 81-bp region of the rpoB gene in two reactions with one PCR product.
Real-time PCR-positive specimens were subjected to conventional PCR. Each 100-l reaction mixture included 1ϫ PCR buffer, 0.2 mM deoxynucleoside triphosphate mixture, 0.1 M each PCR primer-for (5Ј-AGA TCC GGG TCG GCA TGT-3Ј) and PCR primer-rev (5Ј-5Biosg/CAC ATC CGG CCG TAG TGC-3Ј), 0.25 U/l Taq DNA polymerase, 1.125 mM MgCl 2 , 1ϫ Q-solution (Taq PCR core kit; manufactured by Qiagen), and 1 l of the PCR product from the real-time PCR assay described above. The conditions were 95°C for 5 min; 50 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s; and 72°C for 7 min. The amplified products were visualized on a 2% agarose E-gel (Invitrogen Inc., Grand Island, NY) to confirm the presence of 289-bp products. When cultured material was to be tested during the validation, 5 l of a heat-treated suspension was used as the DNA template.
Pyrosequencing analysis was performed, according to the manufacturer's instructions, on a PSQ 96ID system (Biotage, Inc., Qiagen). The protocol consisted of preparation of the single-stranded DNA with a vacuum preparation tool, annealing of the sequencing primers (primer rpoBpyro-seq [5Ј-CCG CGA TCA AGG AGT-3Ј] and primer rpoBpyro-seq2 [5Ј-CGC TGT CGG GGT TGA-3Ј]) at room temperature, and real-time sequencing with a pyrosequencer by use of a PSQ SQA reagent kit. The resultant sequences, reflected in the form of pyrograms, were compared against a library containing sequences of known mutations by means of the Identifire software. The specific nucleotide dispensation order strategy used for each sequencing reaction was as follows: for sequencing reaction 1, TCTCGACACAGCAGTCTGACGCATATCGATAGT ACGCAGACACACGCATGTCGTGAC3(CTAG)AGCGCGACTGTCAGTG CGCTGC, and for sequencing reaction 2, C3(TGAC)AGCGCGACTG3(TGA C)GCGC2(CTG).
The specificity of the assay was determined by testing approximately 10 6 genome copies of DNA purified from potential respiratory pathogens and bacterial flora and included DNA from Validation of pyrosequencing analysis results for rpoB gene mutation assessment. The pyrosequencing assay was validated with a panel of 60 M. tuberculosis isolates that included a total of 10 different previously identified rpoB gene mutations, as well as wild-type rpoB gene sequences. All strains had previously been analyzed by Sanger sequence analysis. Additionally, 148 MTBC real-time PCR-positive clinical specimens received by our laboratory between 30 October 2007 and 9 July 2009 were analyzed by pyrosequencing of the rpoB gene, and the results were compared to those of DST for RIF performed with the resulting MGIT liquid culture from the same specimen. The same set of clinical specimens was also used to assess the sensitivity of the assay compared to the results of culture and microscopy to determine the utility of this assay for use as a direct test as part of a testing algorithm. Sanger DNA sequence analysis was carried out by the Applied Genomic Technologies Core Facility at the Wadsworth Center.
RESULTS

Sensitivity and specificity of MTBC real-time PCR assay.
The analytical sensitivity of the MTBC real-time PCR assay was determined to be 0.05 CFU, the sensitivity with sputum was determined to be 0.5 CFU, and the efficiency of the assay was found to be 100%. The specificity of the assay was initially validated with MTBC and NTM reference cultures maintained at the Wadsworth Center. Thirty-seven samples of MTBC tested positive, and 50 strains of NTM and other bacteria found in respiratory specimens tested negative, resulting in 100% specificity for the cohort (data not shown).
Validation of MTBC real-time PCR for direct use with clinical specimens. The results of our MTBC real-time PCR assay were compared to those of the amplified M. tuberculosis direct test (MTD; Gen-Probe, San Diego, CA), and before implementation, the sensitivity and specificity of the assay were found to be equivalent to those of MTD. However, our assay gave fewer inconclusive results; similar results have been found by others, when they compared the results of their assays to those of MTD (16, 20) . We further evaluated the MTBC realtime PCR assay for use with routine clinical specimens received between 11 October 2007 and 30 June 2009. After decontamination and concentration, the specimens were tested in parallel by culture, microscopy, Ziehl-Neelsen staining for AFB, and the MTBC real-time PCR (Table 1) .
A total of 1,316 clinical specimens were included in the evaluation, namely, 1,201 respiratory specimens and 115 nonrespiratory specimens. The MTBC real-time PCR assay result was in agreement with the culture result for 253 specimens positive for MTBC and 1,038 specimens negative for MTBC, or 98.1% agreement. A positive MTBC real-time PCR result was determined for one specimen that was culture negative and AFB negative. A negative real-time PCR result for MTBC was found for 17 specimens that were culture positive (1 of these specimens was AFB positive). To be sure that these 17 specimens were not negative as a result of the IS6110 PCR target itself, we performed the MTBC real-time PCR assay with the liquid culture from these 17 specimens to verify that the target was present and detectable. All 17 specimens tested positive when the liquid culture was assessed. Additionally, the final culture plating results for these specimens revealed that 6 had less than 10 colonies present on the plates and that the other 11 specimens were negative on the plates but were positive by MGIT liquid culture, also indicating that the organism was present at a low level.
The results for a total of three specimens (0.2%) were reported to be indeterminate by MTBC real-time PCR, due to PCR inhibition, as determined by the internal inhibition control utilized in the MTBC real-time PCR assay. A total of seven specimens (0.5%) were found to have an inconclusive result, with the C T value indicating that the concentration of DNA was at or near the analytical sensitivity of the assay.
Detection of MTBC in respiratory and nonrespiratory specimens. With culture applied as the gold standard and by the exclusion of samples with inconclusive and indeterminate molecular results, we calculated the sensitivity, specificity, and positive predictive value (PPV), and negative predictive value (NPV) for the MTBC real-time PCR assay ( Table 2 ). The sensitivities for respiratory and nonrespiratory specimens were 94.7% and 88.5%, respectively, and the specificities were 99.9% and 100.0%, respectively. PPV and NPV were 99.6% and 98.6%, respectively, for respiratory specimens, and 100.0% and 96.9%, respectively, for nonrespiratory specimens. Detection of MTBC between AFB-positive and AFB-negative specimens. The sensitivities, specificities, PPVs, and NPVs for the real-time PCR assay were then calculated separately for AFB-positive specimens (for which the results ranged from doubtful to numerous by microscopic observation) and AFBnegative specimens (no AFB were seen by microscopic observation) ( Table 2 ). The sensitivities, specificities, PPVs, and NPVs were 99.6%, 100.0%, 100.0%, and 97.7%, respectively, for AFB-positive specimens and 75.4%, 99.9%, 98.0%, and 98.4%, respectively, for AFB-negative specimens.
Of 254 specimens culture positive for NTM and not included in the data set described above, 241 were respiratory specimens and 13 were nonrespiratory specimens. A total of 247 of these specimens were real-time PCR negative for MTBC, the results for 6 specimens were inconclusive, and the result for 1 specimen was initially positive but the organism in the specimen was later identified as M. kansasii. In a second test of the latter specimen from the MGIT liquid culture, the MTBC real-time PCR was found to be negative.
Validation of rpoB gene analysis by pyrosequencing. Initial specificity testing indicated that the test was 100% specific for the detection of MTBC. To validate the rpoB pyrosequencing assay, we tested 60 M. tuberculosis isolates retrospectively. This set included isolates containing rpoB gene point mutations, deletions, and the wild-type rpoB gene sequence. Table 3 lists the rpoB genotyping result obtained for these isolates by pyrosequencing analysis and Sanger sequence analysis. The results for all 60 isolates (100%) showed concordance between the two methods.
A set of 148 MTBC real-time PCR-positive clinical specimens received by our laboratory between 30 October 2007 and 9 July 2009 were tested by rpoB gene pyrosequencing in parallel with culture, DST, and microscopy. To demonstrate the method's utility for the direct testing of clinical specimens, a comparison of the results of rpoB gene pyrosequencing to those of microscopy and culture is shown in Table 4 . A total of 136 AFB-positive and MTBC culture-positive specimens and 12 AFB-negative and MTBC culture-positive specimens were examined. The wild-type rpoB sequence was found in 140 of the specimens (131 AFBpositive and 9 AFB-negative specimens), and an rpoB gene point mutation was found in 3 specimens (2 AFB-positive specimens and 1 AFB-negative specimen). Overall, the results for five specimens (three AFB-positive and two AFB-negative specimens) were found to be inconclusive; thus, this assay provided adequate sensitivity for 97.8% of the AFB-positive specimens and 83.3% of the AFB-negative specimens tested.
In an additional comparison of this specimen group (Table  5) , the results obtained by the gold standard assay, conventional DST for RIF in liquid culture, were compared to those of rpoB gene pyrosequencing analysis directly with the clinical specimen. In this comparison, the isolates in 139 specimens were found to be RIF susceptible and to have a wild-type rpoB gene sequence. The isolates in two of the specimens were RIF resistant, and an rpoB gene point mutation was identified in the 81-bp region. The isolate in one specimen that was determined to be RIF susceptible had the rpoB gene point mutation Asp516Tyr. No mutation was identified in the 81-bp region of a Sensitivity was calculated as the number of true-positive specimens with culture as the gold standard divided by the number of true-positive specimens plus the number of false-negative specimens (culture positive, PCR negative).
b Specificity was calculated as the number of true-negative specimens with culture as the gold standard divided by the number of true-negative specimens plus the number of false-positive specimens (culture negative, PCR positive).
c PPV was calculated as the number of true-positive specimens with culture as the gold standard divided by the number of true-positive specimens plus the number of false-positive specimens (culture negative, PCR positive).
d NPV was calculated as the number of true-negative specimens with culture as the gold standard divided by the number of true-negative specimens plus the number of false-negative specimens (culture positive, PCR negative). The data are for the same set of specimens used to obtain the data presented in Table 4 , but the five specimens with inconclusive pyrosequencing results were excluded from this analysis. S, susceptible; R, resistant.
b Asp516Tyr mutation with known poor predictive value. c Mutation determined to be within the rpoB gene outside of the 81-bp region, Val176Phe.
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Excluded from the analysis were five specimens for which inconclusive pyrosequencing results had been obtained; the isolates in these specimens were later determined to be RIF susceptible by DST. Overall, this testing revealed that 141 of 143 specimens (98.6%) had concordant results. Algorithm for incorporation of direct testing of M. tuberculosis by molecular methods. As a result of the validation testing performed by our laboratory, we propose an algorithm for the integration of these tests into the work flow of testing for M. tuberculosis. Figure 1 illustrates a strategy that incorporates the MTBC real-time PCR on day 1 of testing, followed by rpoB pyrosequencing on day 2. Culture plating, MGIT liquid culture, and microscopy are performed in parallel. For many specimens, the use of this algorithm allows initial reports for the presence of MTBC and the results of rpoB analysis directly with clinical specimens to be released on day 1 or day 2 of testing, followed by additional culture and molecular testing for confirmation.
DISCUSSION
This report describes the development of a highly sensitive and specific real-time PCR assay for the rapid identification of MTBC, combined with an rpoB gene pyrosequencing assay for the rapid assessment of RIF resistance, for utilization directly with clinical specimens. As shown in Fig. 1 , the assay pair allows the preliminary reporting of MTBC by direct detection in 24 h and the preliminary reporting of the results of rpoB gene mutation analysis, which shows a strong correlation to RIF resistance, within 48 h of receipt of the clinical specimen. This approach provides a significant improvement in efficiency and accuracy over those of previous testing methods and offers patient and public health benefits that include facilitation of the detection of new cases of tuberculosis and cases of MDR TB and facilitation of strategies for treatment and infection control.
The first assay of the pair, the MTBC real-time PCR assay, was evaluated with 1,316 routine clinical specimens received for which the microscopy, culture, and MTBC real-time PCR results were compared. With culture considered the gold standard, the sensitivities, specificities, PPVs, and NPVs of the MTBC real-time PCR assay were calculated for respiratory, nonrespiratory, AFB-positive, and AFB-negative specimens. This type of analysis, which entails the use of a real-time PCR assay directly with decontaminated clinical specimens, is rare in the literature, and our study was performed with the largest cohort of samples analyzed by such methods to date. We found the sensitivity of the assay to be the highest for respiratory specimens (94.7%) and AFB-positive specimens (99.6%), as would be expected. However, we achieved good sensitivity with both nonrespiratory specimens (88.5%) and AFB-negative specimens (75.4%). Of importance, during this analysis we did not find any culture-positive MTBC for which IS6110 was absent, although this rare occurrence has been documented (1, 7) .
Overall, the assay yielded 18 discrepancies among the 1,316 The assessment of this MTBC real-time PCR assay also yielded 17 false-negative results (MTBC real time PCR negative, MTBC culture positive), which represented 1.3% of the specimens tested; 16 of these were AFB negative and 1 was AFB positive. As described in the Results, these specimens had the IS6110 target when the liquid culture was assessed, so this appeared to be due to the sensitivity of the assay. The culture plates either were negative or contained less than 10 colonies when they were observed. According to our protocol, 100 l of the processed specimen is plated and only 5 l of the same specimen is added to the MTBC real-time PCR assay mixture, once the heat treatment has been completed. If Ͻ10 colonies were present in 100 l, Ͻ0.5 colonies would be added to the PCR mixture, which would be just below the limit of detection of this assay.
Additionally, seven specimens (0.5%) were found to have inconclusive real-time PCR results: a C T value of Ͼ37 was detected, but the result was not reproducible when the specimen was retested. Finally, three specimens (0.2%) were found to have indeterminate results (i.e., PCR inhibition was present). As a result of this analysis, we assess the data from our MTBC realtime PCR assay to be similar to or better than published data for other assays that have targeted the IS6110 insertion sequence (5, 8, 9, 14, 16, 19, 20) .
Importantly, we demonstrate that our in-house MTBC realtime PCR assay can effectively detect mycobacteria in challenging extrarespiratory and AFB-negative samples: relative to the findings obtained by a previously published assay (16), our assay shows superior sensitivity and comparable specificity. Utilization of microscopy for 46 specimens that were AFB negative but positive by MTBC real-time PCR and/or culture led us to believe that the AFB smear, which is not specific to MTBC (14, 15) , may not provide any added diagnostic benefit to the patient, once direct molecular testing has been incorporated into the testing scheme. Further work on the relationship between the results of diagnostic testing methods and the infectiousness of patients needs to be accomplished.
We also found the MTBC real-time PCR to be an effective tool for the differentiation of specimens containing MTBC from specimens containing NTM. Among the 254 specimens in which NTM was confirmed to have been identified, all but 1 specimen was found to be negative by the MTBC real-time PCR assay. The remaining specimen, reported to contain M. kansasii, was positive for MTBC DNA when the initial specimen was tested, but it was negative when a sample from liquid culture was later tested. This specimen could have been contaminated, it could initially have contained MTBC DNA, or it could have contained a mixed culture in which M. kansasii outgrew MTBC. One point of note is that 15 M. kansasiipositive specimens tested MTBC real-time PCR negative during the time period spanned by the testing. For the specimen in question, the sample from the MGIT liquid culture was found to be MTBC real-time PCR negative, and culture and molecular methods were positive for M. kansasii; that combination of results indicates that the particular strain of M. kansasii does not represent a specificity issue for the MTBC real-time PCR assay. However, the example demonstrates the value of the utilization of an overall approach that entails both molecular and culture-based methods.
Validation of the second assay of our pair, the rpoB pyrosequencing assay, directly with clinical specimens identified by real-time PCR to contain MTBC was also successful. In total, the isolates in 143 of the 148 specimens (96.6%) were correctly identified by direct pyrosequencing analysis. The results for five specimens were inconclusive by rpoB pyrosequencing; the MTBC real-time PCR results for these specimens showed C T values of between 31 and 36, and AFB smear testing gave a result of none or rare. The inconclusive results, indicating that rpoB pyrosequencing could not be performed, may be explained on the basis of the fact that the latter assay has a slightly lower sensitivity than the preceding MTBC real-time PCR assay.
Our specimen testing also compared the results of rpoB gene pyrosequencing analysis obtained by direct use of the clinical specimen and the results of DST with the resulting liquid culture. The testing determined that the results of rpoB gene pyrosequencing analysis obtained by direct use of the clinical specimen had 98.6% (141/143 specimens) concordance with the results of DST for this cohort. The two specimens for which the results of DST and rpoB pyrosequencing did not agree included one specimen containing an isolate that was RIF susceptible, and the mutation was confirmed to be Asp516Tyr. This mutation has been observed previously and is believed to have a low predictive value for RIF resistance, but its presence should nevertheless be noted (23) . The isolate in the other specimen was found to be RIF resistant, but no mutation in the 81-bp region of rpoB gene was identified. Further testing detected a rare mutation lying outside of the 81-bp region, Val176Phe. Again, this caveat should be borne in mind; the 81-bp region that is utilized in our assay is believed to predict 96% of cases of RIF resistance, but the remaining cases will be missed. It is for this reason that only results for which mutations are determined are reported immediately and results indicating the presence of the wild-type sequence require conventional DST before a report may be released. Of note, the two rpoB mutations that were initially detected by pyrosequencing were reported in Ͻ48 h, thus providing critical treatment information before the confirmatory RIF-resistant DST result was reported 3 weeks later.
As a result of the present evaluation and a previous comparison to the MTD assay, our laboratory has now adopted the MTBC real-time PCR and rpoB gene pyrosequencing assays for the rapid detection of MTBC and drug resistance for use in routine testing. Furthermore, the real-time PCR assay proved effective for nonrespiratory and AFB-negative samples. From an institutional point of view, the lower cost (ϳ$11.00 for real-time PCR with inhibition assessment and $1.00 for pyrosequencing analysis of the rpoB gene), the short turnaround time (Ͻ24 h and Ͻ48 h for the two assays, respectively), and the minimal hands-on time required for the assays will help to ensure that an adequate testing capacity is available as the demand for the rapid identification of MTBC-infected individuals continues to increase. VOL. 48, 2010 REAL-TIME PCR AND PYROSEQUENCING OF M. TUBERCULOSIS 1187
